INTRODUCTION {#sec1-1}
============

Breast cancer is a chronic disease arising from a cell. Cancer cells grow too quickly and this growth continues to cause damage to healthy cells. The growth and abnormal proliferation are a result of the changes or mutations in the genetic material inside the cells.\[[@ref1]\] Reproductive factors that increase the risk of breast cancer include: Having a long menstrual history, not having children, having one\'s first child after age 30, not having breastfed, being overweight or obese after menopause, use of postmenopausal hormone therapy, physical inactivity, and consumption of one or more alcoholic beverages per day.\[[@ref2]\]

The incidence of breast cancer is the highest in the more developed regions of the world, in urban populations, and among White women. The Globocan database for 2002 indicates that the age-standardized rate of breast cancer incidence is 67.8 per 100,000 in more developed regions (Europe, Australia, New Zealand, North America, and Japan) compared to 23.8 per 100,000 in less developed regions (Africa, Central America, South America, all regions of Asia except Japan, the Caribbean, Melanesia, Micronesia, and Polynesia).\[[@ref3]\] The highest incidence is reported to occur in North America (99.4 per 100,000) and the lowest in Asia (22.1) and Africa (23.4).\[[@ref4]\] The worldwide age-standardized rate for mortality from breast cancer between 1993 and 2001 was 13.2 per 100,000, ranging from 8.8 in Asia to 19.7 in Europe.\[[@ref3]\] The rate in more developed countries was 18.1 compared to 10.4 in less developed countries.\[[@ref5]\]

The risk of developing breast cancer in women during their lifetime is 12.5% (1 case out of 8 cases) and the risk of death occurring from breast cancer is 3.6% (1 case out of 28 cases). About 10% of women in the United States suffer from breast cancer at some stage of their lives, and this type of cancer is the second leading cause of cancer-related deaths after lung cancer.\[[@ref6]\] In Iran, breast cancer is highly prevalent. According to a latest report from the country, breast cancer is the third most common cancer in men and women. The highest incidence of breast cancer was reported to be among women of age between 40 and 49 years.\[[@ref7]\] Breast cancer incidence in Iran is about 22 per 100,000 and its prevalence is 120 per 100,000 among women.\[[@ref8]\] Isfahan ranks first in the country in cancer incidence, and breast cancer is the commonest cancer among women. Based on the statistics of 2004, about 10% of breast cancer cases in the country have been reported from Isfahan.\[[@ref9]\]

Conducting research on the characteristics of cancer tumor is very important in order to prevent breast cancer and its recurrence and for prognosis at diagnosis. The overall risk of cancer is higher in old age because the person would have been exposed to more of carcinogens at that time.\[[@ref10]\] The exact size of the tumor, spread of cancer cells to lymph nodes, and tumor grade at diagnosis play an important role for choosing the type of surgery and adjuvant therapy in patients.\[[@ref8][@ref11]\] Breast cells also contains estrogen and progesterone receptors. These receptors allow the breast tissue to change or grow against the hormone changes and, therefore, play an important role in the development and progression of breast cancer.\[[@ref12]\] A study conducted in 2007 by Jemal *et al*. in which breast cancer trends were examined in 454,728 women of 45 years of age and above from the United States by age and tumor characteristics showed that there were two distinct patterns in breast cancer. The downturn in the incidence rates in all age groups above 45 years suggests a period effect that is consistent with saturation in screening mammography. This study also showed that the incidence rates decreased for small tumors (less than or equal to 2 cm).\[[@ref13]\] A study conducted in 2007 by Hausauer *et al*. examining breast cancer trends in 161,800 Asian/Pacific Islander, Hispanic, and African-American women of age 20 years or older from the United States by hormone receptor status and tumor size showed that between 2001 and 2004, the incidence rates of invasive breast cancer in women of age 50 years or older declined appreciably in Asians/Pacific Islanders and Hispanics, but were stable in African-Americans. Rates of hormone receptor-negative tumors increased in African-Americans and Hispanics during 2001--2004. In Asian/Pacific Islander women, perceptible but statistically nonsignificant decreases were observed for hormone receptor-positive and small tumors only.\[[@ref14]\] A study was conducted in 2007 by Kerlikowske *et al*. by examining breast cancer trends in a breast cancer screening mammography program for 603,411 screening mammography examinations performed on women aged 50--69 years. Of these women, 3238 were diagnosed with breast cancer within 12 months of a screening examination, and the rate of estrogen receptor (ER)-positive invasive cancer was stable until 2001 and then declined from 2001 to 2003. A small increase was observed in ER-negative disease in the first quarter of 2003.\[[@ref15]\]

In 2008, Brinton *et al*. examined recent breast cancer trends among 387,231 women of all age groups from the United States by age and tumor characteristics and showed that the number of breast cancer cases was more among women who were younger than 39 years during 1992--2004. Also, despite the reduced use of hormone therapy, from 1999 to 2004, the age-standardized incidence rates in breast cancer were constant over the entire period - stratified by hormone receptors and the highest incidence rate was seen among 30--39 year old women. This study also showed that the highest incidence rate was for small tumors, high tumor grade, and negative lymph nodes.\[[@ref16]\] A study conducted in 2010 by Marliac *et al*. who examined breast cancer trends in 192,39 French women showed that since 2003, the incidence of invasive breast cancer has decreased in women aged 50--74 years.\[[@ref17]\] In 2010, Shin *et al*. examined breast cancer trends in 161,800 eastern and southeastern Asian women aged 20 years or older and showed that the incidence rates increased gradually in all countries. Incidence rates increased in Korea during the 10-year period in all age groups except the \<70 year age group. The Philippines had the lowest APCs in most of the age groups. Women aged 50--69 years had higher APCs in most countries, but not in Japan, rural China, or the Philippines.\[[@ref18]\]

A study conducted in 2011 by Renard *et al*. examining breast cancer trends in 82,508 women of age 35 years or older from Belgium by age groups showed that Belgium ranked first among all countries in Europe in the age-standardized incidence rate for all ages combined and in the 35--49 and 50--69 age groups. In Flemish Region, while quite a stable incidence rate was observed in the age group 35--49 years, two phases were distinguished in women aged 50--69 years: First, an increase from 1999 to 2003 and then, a sharp decrease from 2003 to 2006. In the oldest age group, a steady increase was observed over the whole period.\[[@ref19]\] A study conducted in 2012 by Rusner *et al*. who examined age-adjusted breast cancer incidence rate in 63,250 women aged 50--69 years from Germany by age groups showed the age-standardized incidence rates in breast cancer were virtually constant over the entire period in all regions. No substantial changes occurred over time within the age-specific analyses.\[[@ref20]\]

Determining disease incidence is an important component of any community\'s health plans. Being aware of the disease incidence pattern in each country could be important for national planning. Public health organizations believe that the process of reviewing or monitoring disease incidence, mortality, and social, behavioral, and health risk factors can impact on decrease of the incidence of adverse health events. Trend analysis of the observed incidence or prevalence rates provides valuable information for the assessment, planning, program evaluations, and development indicators for each country.\[[@ref21]\]

The trend analysis of data can be performed by regression analysis, time series, and other statistical methods. To do this if the linear regression models or time-series model is used, (when the explanatory variable is the time), a model is obtained for all data. While many cases have a complex data, assuming a linear relationship between the independent variables and the dependent variable is unacceptable for them. In one of the modeling methods, the data are divided into several sections and a simple linear model is fitted for each section, so that the model is continuous over the entire data, while the simple linear regression model is often useful to describe general changes over time.\[[@ref22]\]

In studying trend data such as the cancer incidence data, one is frequently concerned with detecting a change in the recent trend. The joinpoint regression model, which is composed of a few continuous linear phases, is often useful to describe changes in trend data. Thus, an appropriate statistical method is necessary to evaluate cancer incidence trends, so that we can estimate the joinpoints in different years and determine the speed and type of changes. In this model, in addition to evaluate the behavior of the response variable (breast cancer incidence rate) at different periods of explanatory variable (time), the behavior of response variable can be separately reviewed in characteristics of subjects in the different periods of explanatory variable.\[[@ref23]\]

Joinpoint models have been used in many fields of statistical research such as generalized linear models, risk function, time series, nonparametric methods, and longitudinal studies. In 1961, Sprent used the least square method for estimating segmented regression parameters when the change points are assumed to be known;\[[@ref24]\] in 1964, Robison applied maximum likelihood and conditional maximum likelihood methods for estimating the connected location two regression functions when there are N~1~ observations in the first segment and N~2~ observations in the second segment, assuming that the change points are known or unknown;\[[@ref25]\] in 1996, Berman used nonlinear least squares method;\[[@ref26]\] in 1980, Lerman proposed a grid search method to fit segmented regression curves;\[[@ref27]\] in 1966, Hudson fitted segmented curves whose join points have to be estimated;\[[@ref28]\] and in 2004, Kim and Fay proposed a procedure to compare two breast cancer incidence rates in two different genders and geographic regions using joinpoint linear regression model and least square method.\[[@ref29]\]

This regression model is also used for the analysis of other diseases, in addition to using joinpoint regression model in breast cancer analysis. In several studies, joinpoint regression has been used, for example, to examine the trends in the incidence of treatment for diabetes-related end-stage renal disease in the United States from 1990 to 1996,\[[@ref30]\] to examine the trends in hip fracture rates in Canada from 1985 to 2005,\[[@ref31]\] to assess the effect of hepatitis B vaccine in decreasing the incidence of hepatitis B disease in Italy from 1985 to 2006,\[[@ref32]\] to examine hepatitis C virus infection trends in Italy from 1996 to 2006,\[[@ref33]\] to examine whether the low birth weight paradox existed in Brazil between 1995 and 2007,\[[@ref34]\] to examine the trend of reduction in young male suicide cases in Scotland between 1980 and 2004,\[[@ref35]\] and applying segmented regression model to analyze the trend of tuberculosis incidence rate in Iran between 1964 and 2008.\[[@ref21]\]

The goals of trend analysis in cancer surveillance are to determine whether cancer incidence has increased or decreased over time and to assess the speed with which the increase or decrease has occurred. Changes in exposure to risk factors, the introduction of screening programs, and other interventions are effective in the rate or frequency of some cancers. In this regard, cancer registries have been established to collect data on cancer from different countries.\[[@ref22]\] It is, therefore, important to evaluate time trends in breast cancer incidence by age and tumor characteristics. Women are an important part of society, and their health and the health of the population are connected. Due to the high prevalence of breast cancer in Iran and also among Iranian women compared to women in the developing countries and as they are affected by the disease for at least a decade earlier, determining the trend of breast cancer incidence rate by age and tumor characteristics in women aged 30--69 years and in Isfahan city from 2001 to 2010 by using joinpoint regression is very important.

MATERIALS AND METHODS {#sec1-2}
=====================

Study design, subjects, sampling strategy {#sec2-1}
-----------------------------------------

This study was a cross-sectional one in which the subjects were patients with breast cancer and information from 2001 to 2010 was obtained from the records of patients in the radiotherapy and oncology departments of Isfahan University of Medical Sciences and the ultra specialized Milad Hospital. There were 3640 cases and sampling was not done. The information of these patients was entered in special forms that were designed by the Breast Cancer Research Centre and then were recorded in the medical records of patients.

Criteria for selection of subjects were age, gender (women of age from 30 to 69 years due to the high incidence of breast cancer in this group), and location (the city of Isfahan and its population were selected in the calculation of incidence rates). It is worth noting that the confidentiality of information in patients' files was maintained and the information was just collected and analyzed for this study.

The main purpose of the study was to analyze the breast cancer incidence and the trend analysis of breast cancer data was described by the annual incidence. Direct standardization method was used to calculate the age-standardized incidence rates.\[[@ref36]\] Statistical Yearbook of Isfahan province was used to estimate the population of women in the city of Isfahan. Population of Isfahan province using census of 2006 (also stratified by age in the 5-year groups) was selected as the standard population.

Study variables {#sec2-2}
---------------

Statistical variables included age, tumor size (less than or equal to 2 cm, 2.1--5 cm, and greater than 5 cm), tumor grade (well differentiated, poorly differentiated, and moderately differentiated), estrogen and progesterone hormone receptors (positive or negative), and the proportion of positive lymph nodes to lymph node surgery (less than or equal 25% vs. greater than to 25%).

Statistical analysis {#sec2-3}
--------------------

Joinpoint regression model was used to investigate the pattern of breast cancer incidence rates. The response variable for the analysis of incidence was the natural logarithm of the age-standardized breast cancer incidence rates, and the independent variable was the diagnosis year of breast cancer from 2001 to 2010, stratified by confounding variables including age, tumor grade, tumor size, ER, PR, and proportion of positive lymph nodes to lymph node surgery which were analyzed. Joinpoint Regression Program (3.5.2)\[[@ref37]\] and SPSS 18 were used to analyze the data. A statistically significant joinpoint was *P* \< 0.05.

Theoretical joinpoint regression model {#sec2-4}
--------------------------------------

The joinpoint regression model, which is composed of a few continuous linear phases, is often useful to describe changes in trend data. Line segments are joined at points called change points or joinpoints.\[[@ref38]\]

The joinpoint regression model for the observations {(x~1~, y~1~),···(X~n~, y~n~)}, where X~1~≤ X~2~ ≤ ··· ≤ X~n~ represents the time variable and y~i~, *i* = 1, ..., *n* are the response variables, can be written as:
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where ![](JEHP-3-115-g002.jpg) In this model, the regression coefficients are represented by β, *j*^th^ joinpoint is represented by τ~*j*~, and *j*^th^ segment of data is represented by *S*~*j*~, where *n~j~* observed data points are into and defined as *S~j~*={*x~i~*: τ~*j*-1~ \< *x~i~* ≤ τ~*j*~}={*x*~*i*~*j*-1~+1~,...,*x~i~j~~*}, *j* = *1*, *2*, ..., *k* + *1*, *and* τ~*k*+1~ = max (*x*), τ~0~= min (*x*), *i*~*k*+1~= *n*, *i*~0~=0. ![](JEHP-3-115-g003.jpg) *n~j~*=*n, and i~j~−i~j-1~* = *n~j~*. The numbers of estimated parameter are 2*k* + 1.\[[@ref38]\] There are three major decisions in any joinpoint analysis: The form of the mean function, the location of the joinpoints given the number of joinpoints, and the optimal joinpoint model.\[[@ref22]\] In this study, the response variable was age-standardized rate and not a count; therefore, normal distribution was employed noting the homogeneous and heteroscedastic variances.

In this model, the change points are assumed to be known and constant. The default value for the maximum number of Joinpoints depends on the number of data points; also, a Joinpoint cannot occur within a user-specified number of data points from the beginning or end of a series and there must be at least a user-specified number of data points between two Joinpoints.\[[@ref37][@ref38]\]. According to the graphical plot to obtain the incidence rates, the initial analysis of the data, and the 10-year period of study, it was clear that there is maximum one joinpoint for the data of the breast cancer incidence rates; so, considering one joinpoint, the results were analyzed.

The least square method (Hudson tests and Permutation tests) for fitting the regression model and estimating segmented regression parameters was used. Using the Monte Carlo Permutation technique with the number of 4499 permutations, the number and locations of the joinpoints, and the best model in breast cancer trend was selected.

Also, permutation test was used for comparing two joinpoint linear regression functions specifically to determine the identity and parallelism of the two functions allowing different intercepts.\[[@ref39]\]

Because in Hudson\'s method, the joinpoints take any value within the observed data range, it provides a better fit than the other methods. The Hudson\'s method is more sensitive and has more power to discover the new trends that are missed by the other methods. Furthermore, the Hudson\'s method always provides a smaller sum square error, hence gives more accurate estimates of the regression coefficients and annual percent changes (APCs).\[[@ref38]\]

In the permutation test procedure, the tests of the null hypothesis are sequentially conducted, so that there are the minimum joinpoints against the alternative of the maximum joinpoints until we reach a conclusion wherein the optimal joinpoints have the minimum sum of squares of residuals. In this method, the distribution of test statistic is not known, and to assess the statistical significance of the observed value, the corresponding probability is estimated. Also, to perform the complete enumeration of the permutation test, we would create n! permuted data sets. Since this will, in general, be too large a number, we take Monte Carlo samples from these n! data sets *P*-value of the permutation test.\[[@ref39]\]

The APC and average annual percent change (AAPC) were proposed to summarize and compare the rates of changes that are not constant over a given time period of breast cancer incidence. The rate of change increases on average over the selected time period if the lower confidence limit of the AAPC is positive, or the rate of change decreases if the upper confidence limit of the AAPC is negative. To compare the AAPC from two different groups, we may employ a ratio statistic (μ~1~ +1)/(μ~2~ +1) where the subscripts μ~1~ and μ~2~ indicate APC of group 1 and group 2, respectively. So, the annual rate of change for group 1 is more rapid than for group 2 over the selected time period if μ~*L*~\>1 or, alternatively, the rate of annual change for group 1 is slower than for group 2 if μ~*U*~\<1.\[[@ref40]\]

RESULTS {#sec1-3}
=======

The information in the medical records of 3640 women aged 30--69 years with breast cancer was studied. The mean (standard deviation) of patients' age was 47.9 (9.4) years. Tumor size in 11.1% of women was less than or equal to 2 cm; in 60% patients, it was 2.1--5 cm; and in 28.9% patients, it was greater than 5 cm. 18.7% of patients had well-differentiated tumor grade and 50.8% (30.4%) of tumors were moderately (poorly) differentiated.

Overall, 40.5% (41.1%) of patients had estrogen (progesterone) receptor negative and 59.5 (58.9) women had estrogen (progesterone) receptor positive cancer. Proportion of positive lymph nodes to lymph node surgery in 58.8% of patients was less than or equal than 25%, and in 41.2% patients, it was greater than 25% \[[Table 1](#T1){ref-type="table"}\].

###### 

Descriptive statistics of the studied variables
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[Table 2](#T2){ref-type="table"} shows the results of joinpoint trend analysis by age and tumor characteristics. The breast cancer incidence during the studied years increased annually by 4.1% \[[Figure 1](#F1){ref-type="fig"}\]. The breast cancer incidence increased in the age groups of 40--44, 45--49, and 55--59 years. The AAPC in this time period for the above categories was 6.2%, 3.5%, and 5.3%, respectively. The highest increase in breast cancer incidence rate by tumor size was in the group with tumor size less than or equal to 2 cm (18.2%). Also, in 2006.7 \[with Confidence Interval (CI) (2004, 2008)\], a significant change in breast cancer incidence trend with tumor size greater than 5 cm was seen and joinpoint analysis in these two time periods indicated a significant annual increase rate during the first period and a significant annual decrease rate during the second period. The joinpoint analysis by tumor grade showed an increase in breast cancer incidence rates in the well-differentiated (8%) and moderately differentiated tumor grades (10.2%) than in poorly differentiated tumor grade (7.3%). In this trend, there was a significant change of moderately differentiated tumor grade in 2007.7 \[with CI (2004, 2008)\] and of well-differentiated tumor grade in 2007.8 \[with CI (2005, 2008)\]. The APC of age-standardized incidence rates in breast cancer in women with well-differentiated and moderately differentiated tumor grades increased by 14.7% for the first time period (2001--2008), while this rates declined by −11.5% for the second time period (2008--2010). The AAPC for the 5 recent years was calculated to be 0.8%. The APC of age-standardized incidence rates in breast cancer in women with well-differentiated and poorly differentiated tumor grades increased by 14.5% for the first time period (2001--2008), while this rate declined by −23.2% for the second time period (2008--2010). The AAPC for the 5 recent years was calculated to be −6.2%. The APC of age-standardized incidence rates in breast cancer in women with moderately differentiated and poorly differentiated tumor grades increased by 15.6% for the first time period (2001--2008), while this rate declined by −16.6% for the second time period (2008--2010). The AAPC for the 5 recent years was calculated as −7%. The estrogen-positive group had the highest breast cancer incidence rates (10.5%). Also, the progesterone-positive group had the highest breast cancer incidence rates (8.8%), and in 2003 \[with CI (2003, 2007)\], a significant change was seen. The AAPCs for the 5 and 10 recent years were calculated and found to be 6.9% and 11%, respectively. The less than or equal to 25% group of proportion of positive lymph nodes to lymph node surgery had the highest breast cancer incidence rates, although this increase was not statistically significant. The APC rates in female breast cancer incidence by positive lymph nodes to lymph node surgery were not different in the two groups.

###### 

Breast cancer incidence rates per 100,000 people and joinpoint regression analysis by age and tumor characteristics
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![The changes in trend of breast cancer incidence rates in Isfahan city (2001--2010)](JEHP-3-115-g006){#F1}

[Table 3](#T3){ref-type="table"} shows the results of joinpoint trend analysis and comparability of AAPCs by age and tumor characteristics. In [Table 3](#T3){ref-type="table"}, by running the permutation comparability test for the breast cancer incidence rates in women aged 30--49 and 50--69 years, we observe that the APC rates were not different in the two groups. The APC rates between women with different tumor sizes were not different. Therefore, on average, the difference between APCs of breast cancer incidence rates in women with breast cancer with the tumor of size less than or equal to 2 cm in the last five years was faster than women with breast cancer with tumor of size the 2.1--5 cm (28%) and greater than 5 cm (39.7%). in addition, in recent 5 years difference between APCs of breast cancer incidence rates in the women with breast cancer with tumor size 2.1--5 cm was more quickly than women with breast cancer with the tumor of size 5 cm (11.7%). The APC rates in females with well-differentiated and moderately differentiated tumor grades were not different in the two groups and joinpoint regression mean response functions of the breast cancer age-standardized incidence rate in the two groups of women were \[[Figure 2](#F2){ref-type="fig"}\] ![](JEHP-3-115-g007.jpg) respectively. The difference between these two functions of the average response was only in the intercepts. [Table 4](#T4){ref-type="table"} shows that all the regression coefficients were significant. Also, there were no differences between the rates of AAPC in women with well-differentiated and poorly differentiated tumor grades and joinpoint regression mean response functions for the breast cancer age-standardized incidence rate in these two groups of women were \[[Figure 3](#F3){ref-type="fig"}\] ![](JEHP-3-115-g008.jpg) respectively. The difference between these two functions of the average response was only in the intercepts. [Table 4](#T4){ref-type="table"} shows that all the regression coefficients were significant. Also, there was no difference between the rate of AAPC in women with well-differentiated and moderately differentiated tumor grade and joinpoint regression mean response functions for the breast cancer age-standardized incidence rate in these two groups of women were \[[Figure 4](#F4){ref-type="fig"}\] ![](JEHP-3-115-g009.jpg) respectively. It is seen from [Table 3](#T3){ref-type="table"} that the APC rates between women with positive and negative ERs were not different. Also, the APC rates between women with positive and negative progesterone receptors were not different.

###### 

Joinpoint regression analysis and comparability of average annual percent changes by tumor characteristics
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###### 

Estimated regression coefficients of comparability of average annual percent changes by age and tumor characteristics
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DISCUSSION {#sec1-4}
==========

Recent reports have documented sudden, unprecedented decline in the incidence of breast cancer, particularly for ER-positive tumors diagnosed in women 50 years and older. Substantial drop has been observed in the US, New Zealand, and Canada, but not in the Netherlands, Norway, and Sweden. In the populations reporting a decrease, gradual decline in the incidence began as early as 1999, but accelerated in 2002 after the early and widely publicized termination of the Women\'s Health Initiative.\[[@ref41]\]

The study conducted by Jemal *et al*. in the United States showed that the largest percentage decrease occurred from 2002 to 2003 in women of age groups 55--59 years (11.3%), 60--64 years (10.6%), and 65--69 years (14.3%).\[[@ref13]\] The study conducted by Marliac *et al*. in France showed an increase in the incidence rates in the 20--49 and ≥ 75 year age groups, with a mean annual increase of 1.6% and 0.9%, respectively. In the age group of 50--74 years, the incidence increased by 1.5% per year from 1990 to 1999 and by 6% per year from 1999 to 2003. From 2003, there was a 3.4% annual drop in incidence.\[[@ref17]\] The study conducted by Renard *et al*. in Belgium showed a stable incidence rate in the age group of 35--49 years in Flemish Region, an increase from 1999 to 2003 (5.4%), and then a sharp decrease from 2003 to 2006 (−4%). In the oldest age group, a steady increase was observed over the whole period (1.5%).\[[@ref19]\] The study conducted by Rusner *et al*. in Germany showed that the age-standardized incidence rates in breast cancer were virtually constant over the entire period in all regions. No substantial changes over time occurred within the age-specific analyses.\[[@ref20]\] The study conducted by Brinton *et al*. in the United States showed that the highest incidence rate was found for small tumors, high tumor grade, and negative lymph nodes.\[[@ref16]\] The study conducted by Shin *et al*. in eastern and southeastern Asian women above 20 years of age showed that the incidence rates increased gradually in all countries. Incidence rates increased in Korea during the 10-year period in all age groups except the \<70 year age group. The Philippines had the lowest APCs in most age groups. Women aged 50--69 years had higher APCs in most countries, but not in Japan, rural China, or the Philippines.\[[@ref18]\] Unfortunately, the incidence of breast cancer among the Iranian women occurs 10--15 years lower than in western countries and the highest incidence of breast cancer is in the age group of 40--49 years.\[[@ref8]\]

Since the incidence rate of cancer in women 55 years or older is high and given the power of the immune system at this age is reducing, thus, the diagnosis of cancer in the lower age is of considerable importance. The results of this study showed that the breast cancer incidence rates increased in all age groups. The increase in incidence rates was found in the 40--44, 45--49, and 55--59 year age groups, with a mean annual increase of 6.2%, 3.5%, and 5.3%, respectively. The APC rates stratified by the two groups of 30--49 and 50--69 years were not different. The results of this study were consistent with the incidence in East Asia.

The study of Jemal *et al*. on the breast cancer incidence rates by progesterone receptor-positive status showed that the incidence rates significantly increased by approximately 2.9% per year from 1990 to 2000 and then dropped sharply by 9.1% between 2002 and 2003. In contrast, the incidence rates for ER-negative tumors significantly decreased by 1.2% per year from 1990 to 2003; however, from 2002 to 2003, the incidence rate for ER − tumors decreased by 6.9%.\[[@ref13]\] The study of Kerlikowske *et al*. in the United States showed that between 2001 and 2003, the annual rates of ER-positive invasive breast cancer declined by 13% while these rates were stable until 2001. In the first quarter of 2003, a slight increase (not significant) was observed in patients with ER-negative tumors.\[[@ref15]\]

The study of Hausauer *et al*. in the United States showed that between 2001 and 2004, the incidence rates of invasive breast cancer in women of age 50 years or older declined appreciably among Asians/Pacific Islanders (−8.5%) and Hispanics (−2.9%) and were stable in African-Americans. Rates of hormone receptor-negative tumors increased among African-Americans (26.1%) and Hispanics (26.9%) during 2001--2004.\[[@ref14]\] Also, the study of Brinton *et al*. showed that despite the declining use of hormone therapy, from 1999 to 2004, the age-standardized incidence of breast cancer was stable in all the time intervals by hormone receptors and the highest incidence (21.7%) was observed at the age group of 30--39 years.\[[@ref16]\]

Since about 60% breast cancer cases are ER positive and the roles of estrogen and progesterone cannot be separated in breast carcinogenesis, the prognosis of patients is very important in this regard. The results showed that the highest increase in the breast cancer incidence according to the estrogen and progesterone receptors status was in the positive receptor group; furthermore, a significant change was seen in 2003 in the breast cancer incidence with progesterone receptor positive status. The AAPC for 5 recent years (6.9%) and for 10 years (11%) was estimated. Comparison of the present results with the results of other similar studies on different groups (age, race, etc.) showed that from 2002 to 2003, this rate had a decreasing trend in the United States and had increased in the city of Isfahan.

Jamal *et al*.\'s study on the trend analysis of breast cancer incidence rates by the tumor size confirmed a reduction in the cancer incidence for small tumors (≤2 cm).\[[@ref13]\] Also, the study of Brinton *et al*. showed that the highest incidence rate by tumor size (21.2%) occurred in small tumors (≤2 cm).\[[@ref16]\] The study of Hausauer *et al*. showed that in Asian/Pacific women, perceptible but statistically nonsignificant decreases were observed for hormone receptor-positive and small tumors only.\[[@ref14]\]

Results of this study showed that the largest increase of breast cancer incidence was found in tumor size of less than or equal to 2 cm. on average, the difference between APCs of breast cancer incidence rates in women with breast cancer with the tumor of size less than or equal to 2 cm in the last five years was faster than women with breast cancer with tumor of size the 2.1--5 cm and greater than 5 cm, in addition, in recent 5 years difference between APCs of breast cancer incidence rates in the women with breast cancer with tumor size 2.1--5 cm was more quickly than women with breast cancer with the tumor of size 5 cm. This rate obtained in the city of Isfahan was similar to the results reported in other studies.

The study of Brinton *et al*. showed that the highest incidence rate by grade occurred in high-grade tumors (24.8 per 100,000).\[[@ref16]\] The results of this study show increase in breast cancer incidence rates in well-differentiated and moderately differentiated tumor grades, indicating the role of exact size and differentiation of tumor cells in the diagnosis of breast cancer.

The study of Brinton *et al*. showed that the highest incidence rate by lymph node status occurred in negative lymph node (21.6).\[[@ref16]\] Since the probability of relapse in patients with lymph nodes is 75% more than in others, the results of this study show that the highest increase in the incidence of breast cancer by the proportion of positive lymph nodes to lymph node surgery was in less than 25% group, although this increase was not significant.

Advantages and limitations of the study {#sec2-5}
---------------------------------------

The main strength of this study was that it aimed to introduce and implement an efficient and flexible statistical method called joinpoint regression that was used to determine the change points and trend pattern of the breast cancer incidence rates in different periods. In this model, in addition to assessment of the behavior of the response variable (the breast cancer incidence rate) in the different periods of explanatory variable (time), the behavior of the response variable also in terms of the characteristics of subjects in the different periods of explanatory variable can be surveyed separately.

The study had some limitations also. Due to lack of research analyzing the breast cancer incidence rates by some tumor characteristics (tumor grade and proportion of positive lymph nodes to lymph node surgery) using joinpoint regression in Iran and in other countries, we could not compare the results.

CONCLUSION {#sec1-5}
==========

Evaluating the breast cancer incidence rates by age and tumor characteristics showed that the trend of incidence rates increased in women with less than or equal to 2 cm tumor size, well-differentiated or moderately differentiated tumor grades, and hormone receptor-positive tumors. Determination of the pattern of breast cancer trend by these characteristics can help to improve the patient\'s quality of life and long-term survival, prevent relapse of cancer, and in prognosis and choosing the best type of surgery and adjuvant therapy on diagnosis.

**Source of Support:** Article was drawn from the thesis of Ms. Zahra Fazeli dehkordi project number 391242 and has been passed on 14-06-2012.

**Conflict of Interest:** None declared
